Abstract-Public online social network services have achieved dazzling success in recent years. As a result, vertical social network services for universities' are expected warmly by campus users. As the majority of activities in university campus knowledge-intensive, one of the core functions of campus social network system is to facilitate knowledge sharing. In the cyberspace of universities, knowledge is stored in various kinds of digital resources such as documents, photos, videos etc. In this paper, we discuss the design and implementation of our campus social network system, concentrating on knowledge sharing mechanism in the system. The knowledge sharing mechanism has three features including the utilization of users' personal social network facilitate the dissemination of digital resources, the use of a six-tuple model based tagging to realize the unified labeling for digital resources and the adoption of a multi-scale evaluation method for digital resources. With all these considerations, we expect to improve the effectiveness of knowledge by enlarging the dissemination scope of digital resources carrying it in cyberspace of universities.
INTRODUCTION
Online social network services are considered one of the most popular network services in recent years, with billions of users spending huge amount of time every day on social network sites including Facebook, Twitter, Weibo, RenRen, Linkedin etc. [1] . People use online social network services to share information and knowledge with their friends in real life, connect with new friends on network, follow celebrities and other network friends to get more and fresher news, and publish their own information to the public or their followers. These behaviors can help users strengthen their weak ties [2] effectively with a low cost. As the tremendous success of social network services have gained during a short period of time, it's also regarded as the third revolutionary application of the Internet after searching and Web2.0 applications.
Campus users of universities including students, teachers and staff members are the most active users of internet services, especially emerging services including social networking services. As we all know, Facebook and RenRen, the biggest social network systems in the world and China, are both originated from prestigious American and Chinese universities respectively. Although public social network services like Facebook, Twitter, Weibo and RenRen provide well personal and group communication services to their users, they are isolated from universities' cyberspace of campus users. As a result, public social network services have two disadvantages. On one hand, because it cannot be connected with the real environment and activities of universities' campus, it cannot support the learning, teaching, researching and cultural activities closely and timely; on the other hand, public social network systems cannot provide strict information protection to the users and organizations that users are belonged to because of their consideration of commercial interest.
Based on the above consideration, it's necessary to provide campus social network services in the cyberspace of universities. As the core functions and competitiveness of universities are the creation, propagation and application of knowledge of all disciplines, we think that the key value of campus social network is to facilitate knowledge sharing and the core functions of it are to support the daily communication and activities including learning, teaching and researching of campus users.
In the following sections, we begin by discuss the definition and classification of social network systems briefly. Then we make detailed analysis of knowledge sharing in the system through the comparison of digital resource dissemination without and with campus social network system. After that, we examine the design and implementation of our campus social network system which consists of fundamental components, core components, application services and open platform interfaces. Following that, we give the three features of knowledge sharing mechanism in the system.
II. DEFINITION AND CLASSIFICATION OF SOCIAL NETWORK

SYSTEMS
Social network systems, also called social network sites or social network services is defined as web-based services that allow users to construct a public or semi-public profile within a bounded system, articulate a list of other users whom they share a connection, and view and traverse their list of connections and those made by others within the system [3] . From the definition, we can see the three core elements of social network systems are (1) user profile, (2) user relationship and (3) the visibility of user created contents including profile, connection, tweets, blogs, photos etc. under the privacy rules of the system and the privacy setting of users.
According to users' features and purposes, social network systems can be classified as two categories: public social network systems and vertical social network systems. Public social network systems usually accept all internet users as system's user, and allow they do things like sharing, commenting, forwarding, keeping and recommending tweets, photos, blogs etc. Most of the well-known social network systems, such as Facebook, Twitter, Weibo and RenRen are public social network systems. Vertical social network systems usually accept users with some common features or within an organization. Aside from the functions that public social network systems provide, vertical social network systems will add some specific features for its special purposes. For example, Linkedin is a vertical social network system for professionals [4] ; Beehive is the enterprise social network system for IBM employees [5] .
III. KNOWLEDGE SHARING IN CAMPUS SOCIAL NETWORK SYSTEM
Learning, teaching and researching are the three basic kinds of activities of universities. These activities are knowledgeintensive. Learning and teaching are mainly organized by means of courses, they can be regarded as activities for knowledge dissemination; researching is mainly organized by means of projects, they can be regarded as activities of knowledge creation. In the cyberspace of universities, knowledge is stored in various kinds of digital resources such as documents, photos, videos etc.
A. Digital Resource Dissemination without Campus Social Network System
As only course members and project members or people familiar with them can get these digital resources in most cases, the dissemination of most knowledge is in a very limited scope. Furthermore, because courses and many projects have a relatively short lifecycle, such as one semester or one year, the effectiveness of knowledge is influenced by the non-continuity of time. As shown in figure 1 , the courseware created by teacher A can only be accessed by the students in his/her classes and his/her colleges. Students can download the courseware from the course space in learning management system after the teacher release it. His/her colleges may ask him/her for the courseware, and the teacher can send it as the attachment of the email. After the end of the course, course members will seldom access the courseware, making it in a state of existence without any attention. The courseware in the mailbox of his/her college will always be in the same state in most cases. In a word, it's likely to be useless.
B. Digital Resource Dissemination with Campus Social Network System
With campus social network system, things get different. On one hand, the dissemination of knowledge is in a large scope; on the other hand, the effectiveness of knowledge is enhanced because the digital resources carrying knowledge can exist for longer time than a course or a project. Every user in campus social network system has many contacts. These contacts include friends in Facebook and RenRen, fans and focuses in Twitter and Weibo, and group friends in all of the above. Collections of the contacts are called personal social network of a user. As shown in figure 2, after teacher A release a courseware in Campus social network system, every user in his/her personal social network will receive a short message from the system immediately saying that he/she has just release a courseware by a special mechanism of news feeds which will reduce the cost of accessing information from their contacts greatly [6] . If someone is interested in the courseware, he/she can download it to his computer or just read it online. After that, he may write some comments on the courseware and forward it to his own contacts. This process can be repeated many times with only a few minutes, making the courseware be read by hundreds and thousands of users.
The dissemination scope of digital resources in campus social network system is decided by several factors, including the influence of the user, the number and influence of his/her contacts, the usefulness of the digital resources, and even the time of release etc. By this way, digital resources may exist actively for longer time than they are in learning management system or email system, making it much more useful.
IV. DESIGN OF CAMPUS SOCIAL NETWORK SYSTEM
Campus social network system is a typical vertical social network system. Firstly, it only accepts campus users of one or more universities. Secondly, its key value is to facilitate knowledge sharing and its core functions are to support the daily communication and campus activities including learning, teaching and researching of campus users. Thirdly, it's an important part of universities' cyberspace which has close connection with other parts of it. Finally, it adopts a welldesigned information and privacy protection mechanism for campus users and universities.
Campus social network system consists of four parts: fundamental components, core components, application services and open platform services, as shown in figure 3 . 
A. Fundamental Components
Fundamental components are common components of information systems similar to campus social network system. These components not only deal with system's accounts, authorization, tags and logs; but also keep tracking of users' page views and fulfill basic user behavior analysis in system.
a) B. Core Components
Core components contain the three components that manage core elements of social network system: user profiles, user relationship and groups; the key component of campus social network system: knowledge management; and other three components which are closely related to them: messaging component, system notification management and system management component.
C. Application Services
Since users usually spend most of their time on application services when they are active in campus social network system, they are the key to determine user experience of the system. In campus social network system, application services can be divided into two categories. The first category contains common services like micro-blog service, album service, blog service, network disk service and voting service. that most social network systems also have. The second category contains special services like knowledge management service, campus location-based service and classroom availability query service that are designed for campus users.
D. Open Platform Interfaces
There are two purposes for us to implement an open platform interfaces for campus social network system. The first purpose is to connect campus social network system with other parts of universities' cyberspace. As we mentioned above, campus social network system is an important part of universities' cyberspace, so it must exchange information or coordinate with other parts. The second purpose is to allow people who are outside of R&D team of campus social network system can contribute application services independently and freely. These interfaces need to address the problems of account sharing, content sharing and data exchange.
V. KNOWLEDGE SHARING MECHANISM IN CAMPUS SOCIAL NETWORK SYSTEM
Knowledge sharing in computer systems is not a new research topic in computer science field. The purpose of knowledge sharing is to improve knowledge reusability. A lot of research and engineering efforts have been spent on design and implement knowledge-based systems using ontologies [7] . By this way, knowledge can be understood and used by computer systems. With the popular of web services, the application of ontologies is extended to the research of semantic web [8] .
We use a social network based method to facilitate the sharing of knowledge in campus social network system. The knowledge sharing mechanism in campus social network system has the following three key points.
A. Personal Social Network of Users
The personal social networks of users are the most special and valuable data of campus social network system. The collection of these personal social networks can be described using a huge graph that contains countless informal social networks. These informal social networks are recognized as important and unique relationships among scientific and technical personnel [9] . With network relationships and news feed, digital resources released by users are able to be disseminated rapidly or even explosively in a short time.
B. Unified Labeling for Digital Resources
Tagging is a simple and useful method to label digital resources. People use tags to describe digital resources for sharing and future use with minor efforts using keywords [10] . When used in social applications like social network system, tagging is known as social tagging. We take unified tagging strategy for digital resources in campus social network systems. Different from the traditional triple model, we use a six-tuple to describe each tag:
Tagging（Object, Tag, Tagger, Source, Type, Time）
In the six-tuple, "Object" is the digital resource to be tagged; "Tag" is the keyword used to describe to the digital resource; "Tagger" is the user who tagged the digital resource; "Source" is the domain that the digital resource belongs to; "Type" refers to the type of digital resource, such as document, photo, music, video, web address, user, group, activity etc.; and "Time" is the time of tagging.
C. Multi-Scale Evaluation for Digital Resources
We adopt a multi-scale evaluation method for digital resources in campus social network system. This method combines subjective evaluation criteria with objective evaluation criteria to get comprehensive evaluation result. The subjective evaluation criteria include number of visits, comments and collections, reflecting the popularity of digital resources; the objective evaluation criteria include 10-point scale score and number of sharing, reflecting the quality of the digital resources.
VI. SUMMARY
As a typical vertical social network system for campus users of universities, campus social network system is a newcomer to the cyberspace of universities. We implemented a campus social network system for our university. The system maintains personal social networks of campus users which can be described using a huge graph that contains countless informal social networks. Utilizing the informal social networks by news feeds in campus social network system will enlarge the dissemination scope digital resources carrying knowledge. Furthermore, through the use of unified labeling and the adoption of multi-scale evaluation method, users can evaluate the digital resources and add new value to them. Our future work concerns empirical study of user behaviors for knowledge sharing, improvement to the performance of the system and design of more suitable evaluation method of digital resources.
